Calcium exchanged A type zeolite is extensively used as an adsorbent in petroleum and gas purification application. The precursor of calcium and silver-exchanged zeolite was prepared in a hydrothermal process, followed by an exchange process. In this study, LTA zeolite was synthesized. Calcium-exchanged and silver-exchanged molecular sieves were prepared and characterized by a series of techniques, such as scanning electron microscopy, X-ray diffraction, X-ray photoelectron spectroscopy, etc. Physical properties of Caand Ag-exchanged zeolite A, such as surface structure, crystal structure, cation exchange capacity, and the ion-exchange properties were measured. Water adsorption studies using thermogravimetric method indicated that water molecules are more strongly bound in the Ca-A zeolite compared to Ag-A zeolite. XPS studies confirmed the presence of highly dispersed cationic silver species at exchange sites. The results of this study indicated that sodium was successfully exchanged with the calcium and silver in both Ca-and Ag-exchanged zeolite frameworks. High cation exchange capacity, tailored aperture size, high porosity and specific surface area, as well as high thermal stability make cation-exchanged A type zeolite a successful candidate for adsorption, ion exchange, and catalysis applications.
Introduction
High porosity synthetic zeolites have been popular materials since their advent in late 1940s for catalysis, separation and purification applications, among others. Synthetic zeolites have a highly ordered structure and offer a unique advantage of narrow pore size distribution. Zeolites are known to possess valuable physiochemical properties such as adsorption, cation exchange, molecular sieving, and catalysis. They function on the basis of physisorption. The main driving force of the adsorption is the highly polar internal surface of the zeolite [1] [2] [3] [4] . This unique property distinguishes zeolites from other adsorbents and enables them to have an extremely high adsorption capacity. Maintaining a charged and large internal surface area, having a defined aperture size, presence of pores and cavities in the order of molecular dimensions (0.3 -1.0 nm) plays a significant role in separation process, allowing or prohibiting the entrance of molecules to the pore system, leading to high separation factors [5] [6] [7] .
Zeolites are mainly crystalline hydrated aluminosilicates with a pore size below 2 nm that are formed by tetrahedra primary building blocks of SiO 4 and AlO 4 linked by shared oxygen in a three-dimensional framework. The connection of SiO 4 and AlO 4 forms a variety of secondary structural units, which in turn are linked to form inorganic macromolecules with specific crystal structure.
Their unique structure allows the water of crystallization to be removed, leaving a porous crystalline structure. These pores or cages have a high affinity to absorb water or other polar molecules. Molecules with large polarity or polarizability can be preferentially adsorbed under identical conditions. The application of zeolites as molecular sieve and catalyst depends on size and shape of their channel systems, as well as the nature and location of cations in framework [8] [9] [10].
Synthesis, characterization, and applications of zeolites have been investigated extensively during recent years. Zeolite A is a technologically important porous zeolite which is widely used for various separation and purification applications.
Zeolite A in its as-synthesized form (molecular sieve 4A) has the unit cell formula, Na 12 (AlO 2 ) 12 •nH 2 O. Sodium ions can be exchanged by other calcium, silver, potassium or other metal ions to yield adsorbents with desired properties for different applications. The state, number and location of cations in framework have significant influence on adsorption properties of the zeolite [11] [12] [13] .
The sorbate molecules must diffuse through an eight-ring window with an effective diameter of 0.42 nm. The LTA framework is depicted in Figure 1 [2] [12] .
Exchange of Na + ions in molecular sieve Na-A with Ag + ions will reduce the pore opening further resulting in a drastic change in the adsorption properties. The synthesis of A type zeolite involves preparation of four basic ingredients:
silica, alumina, templates, and a source of seeds for nucleation enhancement.
The gel that is formed by mixing appropriate proportion of these ingredients is crystallized under desired pH and temperature. Transition metals can be introduced into the framework of the zeolite in an ion exchange process to expand their pore structures, enhance their functionality and access new applications. 
Results and Discussion
It was observed that upon silver exchange in zeolite A and dehydration of product at 673 K, the material underwent a change in color from white to red. The color change was reversible with respect to the adsorption and desorption of water molecules. The color change observed upon heating of Ag-A under vacuum has been attributed to the formation of + clusters inside sodalite cavities of zeolite A. Silver ions migrate and undergo auto-reduction upon vacuum dehydration to form Ag 0 that interacts with silver ions to form clusters. The reduction process in anhydrous conditions can be written as [25] :
[ ] represents oxygen vacancy in silver zeolite framework. An alternative explanation for the formation and interaction of 2 3 Ag + clusters is based on Ligand to Metal Charge Transfer (LMCT) where electronic transition occurs between lone electron pairs of oxygen atoms in the zeolite framework to the empty 5s orbital of Ag + ions [33] .
The identification of the phases present was done using International Center for Diffraction Data Powder Diffraction File (ICDD-PDF 2.0). As can be seen in Table 1 , cell type and space group were similar in both exchanged forms. Figure  2 shows the representative XRD pattern of Ca-A and Ag-A zeolite samples. Both samples were identified as pure, single phase zeolite with no impurity phases present. 
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SEM micrographs presented in Figure 3 for both Ca-and Ag-exchanged zeolite A revealed that crystal morphology of both samples were composed of flat and small particles which are closely similar in size and appearance. This result suggests that the exchange of sodium in the precursor with calcium and silver does not affect the appearance of the zeolites and shows that both samples retained their structure after calcium and silver absorption. The particle size of the resulting zeolites were in the range of 1.6 -3.8 and 0.9 -2.3 µm for the Ca-A and Ag-A samples, respectively.
Semi-quantitative elemental analysis and confirmation of the exchange of sodium with calcium and silver was performed by energy dispersive X-ray spectroscopy (EDX). The elemental distribution of Al, Si, O, Ca, and Ag was studied using EDX mapping. Uniform distribution of Ca and Ag elements in their respective form of A type zeolite is an indication of successful exchange process.
Presence of a peak at 3.0 KeV in EDX spectrum confirmed existence of silver within the silver-zeolite. Silver ions can easily reach the nuclear content of bacteria. The high silver content of the silver exchanged zeolite A is desirable and has a high impact on the bactericidal activity of the zeolite [28] [29] [31] ( Table 2 ).
Low intensity of sodium peak in exchanged forms is an indication of successful exchange of cations of the synthesized precursor. In conventional synthesis method, some of the sodium atoms are trapped in the sodalite cages of the zeolite. Elemental analysis of the product using EDX technique confirms the presence of sodium in both exchanged types, as can be seen in Table 3 . Figure 3 . SEM images of (a) Ca-A and (b) Ag-A, zeolite crystals. XRD and EDX analytical techniques provided ample evidence of the synthesis of desired zeolite. As can be seen in Figure 4 , sodium, aluminum and silicon were distributed relatively uniform. Oxygen was abundant in highly crystalline areas while calcium was spread in amorphous aggregates. Table 4 gives surface area, pore volume, and average pore diameter for the Ca-and Ag-exchanged zeolite A. Micropore area and volume were calculated based on t-plot method and the total pore volume was calculated at p/p 0 = 0.99.
Larger exchanged cation in Ag-A decreased the micropore volume. While XRD analysis confirmed that the type A framework in the resulting Ca-and Ag-exchanged zeolites maintained unchanged, α-site occupation of silver ions tend to decrease the aperture size of the zeolite and reduction of accessible path for N 2 molecules which in turn limits the access to channels. The smaller specific area seen in silver exchanged zeolite A can be attributed to the blocking of the channels [36] .
CEC values of the Ca-A and Ag-A are presented in Figure 6 shows the fully scanned spectra of Na-A and Ag-A zeolites in the range of 0 -1000 eV. Quantitative measurement of Na was performed using Na 2s line. Aluminum and silicon were J. Minerals and Materials Characterization and Engineering The FTIR spectrum for the Ca-A and Ag-A zeolite samples in the range of 4000 -600 cm −1 is given in Figure 7 . The absorption bands in Figure 7 agree well with the bands (554, 664, and 1000 cm ) reported by Breck [8] . FTIR spectra show a sharp peak with high intensity at 990 and 971.5 cm −1 for the Ca-A and Ag-A samples respectively. This vibration is assigned to the T-O-T (T = Al or Si) asymmetric stretching vibration. The peak detected at 672 and 666 cm −1 which can be assigned to the T-O-T symmetric stretching has less intensity compared to the asymmetric stretching of T-O-T band in Ca-A and Ag-A, respectively. This is likely as the probability of symmetric stretching of T-O bond is less compared to asymmetric stretching and bending. In zeolites, the water molecules are associated with cations or framework oxygen. The association of the water molecules with the cation or framework oxygen ions of a zeolite is dependent upon the openness of the structure. 
Experimental Details

Materials and Chemicals
The precursor Zeolite A was metakaolin with an average particle size below 45 micron. The metakaolin was prepared by dihydroxylation of kaolin at 800˚C for 2 hr. Additional silica and alumina was added to adjust mole ratio of Changes in the mole ratio of Na 2 O/SiO 2 do not affect in the nucleation of zeolite [9] [13] . In this study, the Na 2 O/SiO 2 and H 2 O/Na 2 O mole ratios were conveniently chosen as 2.0 and 50, respectively. Metakaolin was gradually added to sodium hydroxide solution. The reaction vessel was agitated at 90˚C and was stirred until formation of gel within 3 hr., then stopped to allow nucleation at room temperature for 48 hr. Crystallization at 90˚C resulted in precipitation of Na-A zeolite. The product was washed with DI water till pH reached below 10
[2] [13] .
Calcium-and silver-exchanged zeolite A were prepared by ion-exchange of product using calcium and silver salts. The total capacity of products to hold exchangeable cations was measured. The effect of exchange on crystal structure, morphology, mineral composition, and textural properties was studied. X-Ray Photoelectron Spectroscopy (XPS) was employed to determine the oxidation state and binding energies of calcium and silver. Since XPS is extremely surface sensitive, this approach provides valuable insight into the catalytic properties of exchanged forms of A type zeolite.
The calcium and silver ions were introduced to the zeolite in an exchange process. Analytical grade calcium chloride (CaCl 2 ) and silver nitrate (AgNO 3 )
were used to prepare 0.1 aqueous solutions which were then refluxed with zeolite with a solid/liquid ratio 1 g: 100 ml. The silver exchange process was carried out in darkroom. The exchange process was performed at 80˚C for 6 h. Exchange process can proceed even in ambient temperature due to higher affinity of both Ca 2+ and Ag + ions toward exchange sites over Na + ions. Calcium-and silver-exchanged zeolites were separated by simple filtration, washed with distilled water and isopropanol, dehydrated at 400˚C for 12 h under 10 −6 mbar before characterization and were noted as Ca-A and Ag-A, respectively. The Cation Exchange Capacity (CEC) of the samples was determined to measure the total S. Golbad et al.
capacity of products to hold exchangeable cations. Zeolites having high CEC are useful in the ammonia removal from water.
Characterization Method
Ca-A and Ag-A Samples were subject to instrumental characterization using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Energy Dispersive X-ray (EDX) techniques. X-ray diffraction (XRD) analysis were performed using an Advance Bruker-D8 Discover diffractometer (K α1 = 1.5406 Å, 2θ range from 5˚ to 60˚). The detector was LYNXEYE-XE (operating at 40.0 kV and 40.0 mA). The mineral phases were identified using EVA crystallographic software integrated with Powder Diffraction File (PDF) database. Scanning Electron Microscope (SEM) and Energy Dispersive X-ray Spectroscopy (EDX) were performed on the powders using a JEOL JSM-6460LV electron microscope. The materials were dispersed onto carbon tabs and coated with a fine layer of gold using a sputter coater. Nitrogen adsorption measurements were carried out to investigate the textural properties using an ASAP 2020 Micromeritics specific surface analyzer. The specific surface area of the zeolites was determined based on the shape of the vapor nitrogen adsorption/desorption isotherms in −196.15˚C in a relative pressure range from about 10 −6 to 0.99. Before the measurements, the samples were outgassed in two phases. Evacuation phase started with a temperature ramp rate of 10°C/min to target temperature of 90˚C. Evacuation rate was set to 50 mmHg/s followed by unrestricted evacuation below 5.00 mmHg down to a vacuum set point of 500 µmHg in 120 min. The heating phase involved a 10˚C/min ramp to a target temperature of 350˚C. Hold time and pressure were 600 min and 20 mmHg respectively. The water and impurity gas molecules adsorbed in the pores of zeolites can be re moved, but the structural water molecules still exist. The water contents of the samples were determined using a TA Instruments, SDT-2960 thermo-gravimetric analyzer. X-ray Photoelectron Spectroscopy (XPS) or ESCA (Electron Spectroscopy for Chemical Analysis) is one of the most widely used surface analysis techniques that provides valuable chemical state information. XPS studies were carried out using a Perkin Elmer PHI 5440 system equipped with a monochromated Mg-Kα radiation source (1253.6 eV) and hemispherical analyzer. Finely powdered zeolite samples were mounted on a stub in the preparation chamber and kept under vacuum for 24 h before being transferred to the analysis chamber. The vacuum in the analysis chamber was maintained below 3 × 10 −8 mbar during the analysis.
The Si 2p line at 103.0 eV was used as internal reference for correction of charging effect. Binding energies for Ca 2p and Ag 3 d electrons were determined by scanning the range of 430 -442 eV and 363 -377 eV in calcium and silver exchanged zeolites with a step size of 0.05 eV. The FTIR was done ranging wavenumber from 4000 to 600 by transmittance using KBr (Bruker Vector 22). The Cation Exchange Capacity (CEC) of the zeolites precursor Na-A zeolite was measured by the BaCl 2 compulsive exchange method [32] .
Conclusion
In the present work, synthesis and characterization of two exchanged forms of zeolite A were studied. Kaolin was converted to type A zeolite and the exchange products were characterized using x-ray diffraction, scanning electron microscopy, energy dispersive spectroscopy, and thermogravimetric analysis. Textural properties and porosity were also investigated using BET method. The results revealed that following the exchange process with calcium and silver, the cell system, space group and framework maintained unchanged as revealed by XRD analysis, while the aperture of the zeolite channels was covered in case of larger cation occupying α-site in zeolite structure. XPS studies of calcium-and silverexchanged zeolite A showed that the observed surface atomic composition has a significant difference from the stoichiometric composition with respect to the cation concentrations and confirmed the presence of highly dispersed cationic calcium and silver species at exchange sites. Successful substitution of calcium with sodium in framework of the zeolite allows the use of the synthetic zeolite A as builders in detergents for removal of calcium ions from water. Thermogravimetric analysis showed a larger amount of strongly bound water molecules in calcium exchanged form. The presence of micropores, as well as high specific surface area and CEC suggests potential applications in adsorption and ion exchange applications. Further optimization of the mixture composition and reaction conditions can improve crystallinity of the pure zeolites synthesized.
Modification of adsorption characteristics by tailoring crystal structure and pore architecture of zeolites results yields better control in separation and adsorption applications. Recovery of radioactive materials is a particular application of silver exchanged A type zeolite. Silver exchanged LTA can be proposed as a low cost bactericidal material. The inhibition of E. coli and S. aureus bacteria using silver modified natural zeolite has been proved successful. Atomic resolution study of dispersion and condition of active elements on surface results in better understanding of surface affinity of silver zeolites toward different species.
